Surface sediment samples collected from the north-eastern Mediterranean were analysed for their geochemical and sedimentological properties. The sediment texture of the studied area represents a wide variety of sediment types (extending from sandy gravel to mud) and is characterized by relatively high mud content with varying silt and clay fractions. Due to the rich presence of biogenic materials, several coarse-grained sediment patches displaying high CaCO 3 content occur. The organic carbon content of the sediments mainly reflects the standard Mediterranean production of organic matter. There are some exceptional areas in coastal zones which result from pollution by perennial river discharge.
Introduction
The study area is located in the north-eastern Mediterranean (southern coast of Turkey). This area covers approximately 7600 km 2 and comprises two main submarine sedimentation centres (Mersin Bay and Iskenderun Bay, Figure 1 ). From west to east, the adjacent coastline can be divided into four regions: the Goksu River Delta; the Erdemli-Mersin coastal plain; delta plain of the Adana Basin; and the Gulf of Iskenderun. The geological characteristics of the research area are summarized in Figure 2 .
The present study aims to assess temporal changes in the geochemical composition and physical properties of surface sediments at a specific location through comparison of present results with the findings of previous works done locally in the region [1] [2] [3] [4] [5] [6] [7] [8] .
Materials and Methods
Forty-eight surface sediment samples were collected at water depths varying from 12 m to 330 m (Figure 1 ). Samples were obtained by means of the Dietz LaFonde grab sampler which collects the upper 10 cm layer. The top 2 cm portion of the samples (recent sediments) were removed, placed into pre-cleaned plastic bags and kept frozen until analysis. The grain size compositions and various geochemical properties such as carbonate, organic carbon were determined.
Grain Size Analyses: Grain size analyses were performed by standard sieve and pipette analysis techniques [9] . The grain size distribution of each sediment sample was grouped into four categories as follows; gravel (>2 mm), sand (2 -0.063 mm), silt (0.063 -0.0039 mm) and clay (<0.0039 mm in diameter).
Geochemical Analyses: In order to determine the geochemical properties of the surface sediments, approximately 100 g of subsample was freeze-dried and powdered using an agate mortar and pestle. Total carbonate contents of the sediment samples were calculated by a modified gravimetric-volumetric method described in [10] . The analytical method for the quantitative determination of organic carbon is based on the complete and instantaneous oxidation of the sample by "high temperature flash combustion" and measured by using a Thermo Finnigan Flash EA 1112 Series elemental analyser. on the irregular bottom topography of the region and various terrigenic inputs carried by perennial rivers. Local eddies and coastal filaments occurring in the area are the other important factors controlling the grain size composition and distribution of the surface sediments.
The gravel content of the sediments generally amounted to less than 1% in the study area. High amounts of gravel were found at two stations which are mainly composed of biogenic constituents: in the southern corner of Iskenderun Bay (35%) and in the western part of the Ceyhan River Delta (23%) (Table 1, Figure 4 ). In the southern region of Mersin Bay between 50 and 100 m water depth the surface sediments are principally composed of sand fraction (55% -80%; Table 1, Figure 4) . The sediments in this area contain high amounts of biogenic remains. Furthermore, three other distinct sandy patches were found: an ephemeral deltaic area at the northern corner of Iskenderun Bay (63%), Erdemli coastal sediments (41%) and off Cape Karatas coastal sediments (64%) (Table 1, Figure 4) . At most stations the sand fraction of the surface sediments mainly consisted of fine sand fractions (125 -250 microns) and the total proportion of gravel and sand fractions (coarse fractions) were less than 10% (Figure 4, Table 1 ). Terrigenic material inputs from rocky coasts and biogenic shell accumulation caused an increase in coarse-grained material percentages in the coastal sediments off Karatas Cape, the Erdemli province, and the ephemeral rivers of the northeastern and south-western Iskenderun Bay. However, an unexpected coarse-grained sediment patch was located between the 50 m and 150 m contour intervals of northeastern Mersin Bay. The high amount of relict coarse material in these sediments was explained by the presence of an ancient deltaic system in that area Sediment texture was determined according to the triangular diagram [9] showing the distributions of relative proportions of gravel, sand and mud fractions.
when the global sea level was about 125 m below today's sea level at the last glacial maximum [12] . Silt content generally ranges between 20% and 40%. However, high silt content (50% -62%) was present between 0 -50 m bathymetric contours along the northeastern coasts of Mersin Bay (Table 1, Figure 4) . The dams on the Seyhan and Berdan Rivers act as a trap for coarse-grained sediments.
In particular, coarse-grained Seyhan River sediments are trapped at the end of the water dam and the finer sediments which escape from dams reach and accumulate at the delta systems of these rivers. The enriched silt content of the sediments found in the north-eastern side of Karatas Cape may be the result of movement of the suspended sediments with the swiping effect of the cyclonic coastal filaments of the current system prevailing in this region [13, 14] . Towards the western-south-western region of the bay, silt content decreases and the clay content increases. The highest silt percentages were observed in south-eastern Iskenderun Bay (94% -98%). There is an apparent decrease in silt content towards the south-eastern corner of the gulf which is represented by coarse-grained sediments. Clay content of the studied sediments was generally low at near-shore areas and high at offshore sites (Figure 4) with an exception being the biogenic sandy patch at the southeastern corner of Mersin.
The accumulation of clay fractions in surface sediments is generally controlled by the bottom topography and related hydrodynamic conditions. Clay fraction constitutes less than 35% in the shelf sediments and as expected from the low sinking rate of clay, these values gradually increase from shelf to off-shore. High sediment discharge in coastal areas together with the presence of biogenic shells lead to the lower percentages of clay fraction observed in the coastal sediments. The clay enrichment on the sloping face of the offshore Ceyhan Delta reflects a typical delta-front, pro-delta and offshore deposition. The sediments contain a high amount of mud fraction (>90%) along the Iskenderun Gulf. The high presence of biogenic material and fluvial input from rocky coasts cause dilution and decrease the mud percentages of the sediments at two patches. Similar to Mersin Bay sediments, the grain size distribution pattern of the Iskenderun Bay sediments is affected by the presence of several rivers draining into the gulf and precisely coincides with the complex circulation system suggested by [13] . No significant relationship between water depth and the coarse-grained fraction of the sediments was seen (Figure 5) . However, mud content displayed a close relationship between the water depths of the sediment sampling stations (Figure 5 ).
Carbonate Distribution
The total calcium carbonate (CaCO 3 ) content in the region varies between 19% -75% with an average of 34% by dry weight ( Table 1) . The major component of the sediments, especially muddy sediments, was CaCO 3 (20% -30%). The highest carbonate contents were measured at two distinct patches located in the southern corner of Iskenderun Bay and in the south-eastern region of Mersin Bay.
CaCO 3 contents show a close relationship with the grain size fractions (Table 2; Figure 6) . A significant and positive correlation was found between CaCO 3 -gravel (r = 0.71) and CaCO 3 -sand (r = 0.66). However, there was a negative (inverse) correlation between carbonate contents and the fine-grained sediment (mud) fractions (r = −0.75, Table 2 ).
CaCO 3 concentrations in Iskenderun Bay show an increase in the south-eastern entrance of the gulf. Microscopic studies performed on gravel and sand fractions of Iskenderun Bay sediments showed the high carbonate content to be related to the presence of the calcareous remains of organisms such as pelecypods, gastropods, foraminifera and bryozoa. These results agree with the findings of [7] . CaCO 3 concentrations obtained for Mersin Bay were generally similar to those found in Iskenderun Bay. However, these values are slightly higher than those found in the fine-grained Mediterranean sediments (average of 20%; [15] ). The general CaCO 3 distribution pattern of the surface sediments in Mersin Bay shows a close relationship with the swiping pattern of wind-generated coastal filaments suggested by [16] . Low carbonate contents obtained in the Mersin Bay sediments are associated with the transport effect of these filaments on the siliciclastic materials carried by perennial and ephemeral rivers. The existence of high amounts of biogenic material in the coarse-grained sediment patches of the studied area increase the carbonate concentrations in these sediments.
Organic Carbon Contents
The organic carbon contents of the surface sediments in the study area vary regionally from 0.01% to 12% (average: 1.4% by dry weight, Table 1 ), depending on the complex interaction of biogenic, terrigenic, hydrodynamic and anthropogenic factors. The highest organic carbon concentrations (3.55% -12.03%) were measured in the sediments from the eastern coasts of Mersin Bay, extending from Mersin City to the Ceyhan River Delta.
In particular, sediments in the eastern section of the Seyhan River (12.03%) and the deltaic sediments accumulated in the west of the Ceyhan River (10.28%) contain high organic carbon, probably due to increased input from the adjacent land as well as in situ production. Clearly, anthropogenic activities in the region should be considered as additional sources for organic matter. Contaminated waters carried by the Ceyhan, Seyhan and Berdan rivers which receive industrial waste and agricultural runoff drain into this region. A busy international harbour located in Mersin Bay and sewage outfalls in this area also prove significant sources for local enrichment of the organic carbon. Regional comparisons of our results with previous studies indicated that, the amount of organic carbon measured in this study is similar to that reported by other researchers in the eastern Mediterranean Sea [17] [18] [19] [20] [21] .
As seen from Table 2 and Figure 7 , there is no significant relationship between the organic carbon and grain size fractions (r values for gravel: −0.01; sand: 0.2; silt: 0.08 and clay: −0.28). Furthermore, no relationship was found between organic carbon contents and CaCO 3 contents of the sediments (r: −0.16, Table 2, Figure 7) . However, water depth versus organic carbon values demonstrates a close relationship within the study area (Figure 7) .
Conclusions
The recent sediments of the northeastern Mediterranean are composed of various sediment textures ranging from mud to gravelly mud. The general grain size distribution pattern of the surface sediments is determined mainly by the irregular bottom topography of the region and various terrigenic inputs carried by perennial rivers. The complex wave and current system including local eddies and coastal filaments are other important factors controlling the grain size composition of the sediments here.
The surface sediments are predominantly characterized by their relatively high mud contents with varying silt and clay fractions. The total proportion of coarse-grained fractions accounts for less than 10% in most sediment.
Generally, CaCO 3 content is less than 40% and shows significant correlation with the grain size fractions. The swiping effect of the wind-generated coastal filaments plays an important role in the general CaCO 3 distribution pattern of the Mersin Bay sediments. Low carbonate contents obtained in the Mersin Bay sediments are asso-ciated with the transport effect of the prevailing current regime on the siliciclastic materials carried by perennial and ephemeral rivers. High amounts of biogenic material accumulated in the coarse-grained sediment patches of the studied area cause high carbonate concentrations in these sediments.
Total organic carbon contents of the northeastern Mediterranean sediments mostly indicate normal marine production and hydrographically-related deposition. However, the coastal sediments of the eastern Mersin Bay, from Mersin City to the west of Ceyhan River Delta, contain relatively high organic carbon. No significant correlation exists between the grain size fractions, organic carbon and carbonate contents of the sediments. However, the variations in the organic carbon concentrations illustrate a close relationship with depth of the sampling stations.
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